Abstract In many public and private institutions, the digitalization of handwritten 1 documents has progressed greatly in recent decades. As a consequence, the number 2 of handwritten documents that are available digitally is constantly increasing. How-3 ever, accessibility to these documents in terms of browsing and searching is still an 
In particular, template-based KWS is independent of both the actual representation 83 formalism and the language of the underlying document. 
Statistical Versus Structural Representation

85
All of the KWS methodologies mentioned so far are based on statistical representa-86 tion formalisms (this accounts for both template-based and learning-based methods). 
U N C O R R E C T E D P R O O F
between the subparts of the represented pattern. This turns graphs into a natural and 97 comprehensive way for representing handwriting.
98
Given the power and flexibility of graphs, it might be rather surprising that few 99 graph-based KWS approaches have been proposed until now (Wang et al. 2014; 100 Riba et al. 2015; Bui et al. 2015; Stauffer et al. 2016b 
Feature Representation
156
Based on preprocessed and segmented word images, sequences of feature vec-
U N C O R R E C T E D P R O O F
from left to right, and thus, one feature vector x i is extracted at each window position 
is given by the squared Euclidean distance. Formally, is finally derived based on the resulting graph dissimilarities. In the following three 216 subsections these steps are described in greater detail. 
Image Preprocessing
218
The image preprocessing is based on similar steps as described in Sect. 2.1. That However, in contradiction to the process described in Sect. 2.1, the slant is not cor- for each pair of nodes that is directly connected by a stroke.
239
• Grid: The second graph extraction algorithm is based on a grid-wise segmentation 
277
where Υ (q , w) denotes the set of all edit paths between q and w.
278
For the exact computation of d GED , it is common to employ A*-based search tech- and Projection, are used to derive two weighted sums (termed sum α and sum map ).
297
The former sum makes use of a user-defined weighting value while the latter is based 
Experimental Evaluation
302
In this section, we compare the reviewed statistical and structural approaches for 
312
The performance of all KWS systems is measured by the Recall (R) and Preci- 
